of Ectothiorhodospira mobile is valid and legitimate. The correct form of the specific name is mobilis, since the generic name ending with -spira, is female. Pelsh (27) also proposed a subfamily, the Ectothiorhodaceae, to contain purple bacteria of van Niel's Pseudomonas type. The equivalent taxon for purple sulfur bacteria with intracellular sulfur storage, Endothiorhodaceae, had previously been proposed by Baas Becking (2). Pelsh's original strain was lost before much information concerning its properties had been obtained. Chesnokov and Saposhnikov (6) found that, in van Niel's (45) medium supplemented with 2% NaCl and 1% sodium phosphate, sulfide could be replaced by sulfite, thiosulfate, or elementary sulfur, with optimal pH values of 7.4, 7.5, and 8.5, respectively. They furthet demonstrated that a considerable number of organic carbon compounds could be metabolized by the organism (7). Saposhnikov (35) also showed that elementary sulfur could be replaced by elementary selenium, which was oxidized to selenate during photosynthetic growth at pH 8 to 9. Finally, Pelsh's strain was used in a study on the effect of the redox potential of the medium on quantum yields (36 16 ; i.e., the Eh was -100 to + 100 mv.
In enrichments for photosynthetic sulfur bacteria from mud of estuarine salt flats at Academy Bay on the Galapagos Island of Santa Cruz, spirilloid photosynthetic bacteria developed in Pfennig's medium (29) containing sulfide as the sole photosynthetic hydrogen donor. Two strains of the organism were isolated and identified as Ectothiorhodospira mobilis Pelsh. Since Pelsh's original isolate is no longer available (19) , it was the aim of this study to Hydrogenase. A 50-ml amount of a sulfide-grown cell suspension was harvested by centrifugation, washed twice, and taken up in 10 ml of the following solution (per 1,000 ml of distilled water): CaCl2*2H20, 0.7 g; trace element solution (32), 16.7 ml; MgC12-6H20, 0.33 g; NH4Cl, 0.33 g; KCl, 0.33 g; KH2PO4, 0.33 g; NaCl, 30.0 g; pH 7.0. A 2-ml amount of this suspension was used per Thunberg tube. The bulb contained 1.0 ml of methylene blue solution (5 mg/ 100 ml of distilled water). The Thunberg tubes were twice evacuated and filled with H2; control tubes were filled with N2. After tipping of the bulb contents into the cell suspension, one set of tubes was incubated for 30 min at 25 C and a light intensity of 1,000 lux, and a parallel set was incubated in the dark. Decolorization of the methylene blue was taken as a positive hydrogenase reaction. Nitrite formation from nitrate was tested with Griess-Ilosvay reagent (40) . All chemicals used were of analytical grade.
RESULTS
Enrichment and isolation. E. mobilis developed in daylight-illuminated enrichments in Pfennig's (29) medium supplied with 3% NaCl. While two Chromatium species were isolated also from these enrichments (Triiper and Jannasch, Arch. Mikrobiol. in press), no development of green photosynthetic sulfur bacteria was evident. Several attempts to enrich photosynthetic bacteria in media with the salinity of the samples used for inoculation were unsuccessful. Two strains of E. mobilis, 8112 and 8113, originating from different enrichments, were obtained in pure culture through repeated agar shake dilution series (29) .
Morphology. In Pfennig's medium plus 3% NaCl, cells of E. mobilis are short spirilla or (directly after division) vibrios (Fig. 1A) . The cell diameter is 0.7 to 1.0 ,u; the length of young cells is 2.0 to 2.6 A and that of full spirals is 3.6 to 4.8 ,. The average width of the spiral is 1.4 ,u. These measurements agree well with those of Pelsh's original description, namely, 0.6 to 0.8 , by 3.0 to 6.0 ,ut. In aged cultures, irregular cell shapes and even branching sometimes occur. The cells are motile by means of a polar tuft of flagella (Fig. 2) . The Gram reaction is negative.
In cultures grown with sulfide, globules of elementary sulfur are deposited outside the cells in the medium (Fig. 1A) . Although parts of the cells appear to be more dense than the rest of the cell in the phase-contrast microscope, inclusions of elementary sulfur were never seen.
The lens-shaped colonies in agar shake cultures are surrounded by a yellowish-white halo of sulfur globules during the early stages of growth. The cells divide by binary fission (Fig.  3) , never by budding as reported for Rhodopseudomonas palustris (Fig. iB) and R. viridis (51) .
Thin sections of E. mobilis show a type of ultrastructure which, though described for several nonsulfur purple bacteria (10, 11, 13) E. mobilis may be considered a moderate halophile. By measuring growth yields (turbidity at 650 m,u) at low salinities, it was found that with 2% NaCl the growth was 90% of that with 3% NaCl; the cells still maintained a vibrioid to spirilloid shape. With 1% NaCI, growth was only 46% of that with 3% NaCl; the majority of the cells had irregular forms. In a medium without NaCl, no growth occurred; the cells became immotile, clumped, and died.
Ecology. Pelsh's original strain of E. mobilis had been isolated from a layer of purple sulfur bacteria on the gypsum mud crust in the eastern reservoir of lake Sakskoe on the Crimea Peninsula. The salinity of this environment is given as 12 to 200 Be, i.e., 12.5 to 22% NaCl (27) . However, the strain was not an extreme halophile. The newly isolated strains 8112 and 8113 were obtained from a salt bed on the Galapagos Islands with salinities of 25 to 29% NaCl. Strongly saline environments appear to be the favored natural habitat of E. mobilis. Baas Becking (2) observed a spirillum in mud of Owens Lake, Calif., that apparently deposited sulfur extracellularly; and Butlin and Postgate (5) reported "many spiral bodies" in the CaSO4-saturated saline lake of Ain-ez-Zauia, Cyrenaica, Libya. It seems quite possible that these authors observed Ectothiorhodospira species. Enrichment cultures designed for isolation of E. mobilis should be prepared in media with 3 % NaCl and a pH of 7.6 to 8.2, and they should be inoculated from saline aquatic environments. The extreme halophilic photosynthetic bacterium recently isolated by Raymond and Sistrom (33) from highly saline lakes in Oregon seems to be closely related to E. mobilis.
Relationships between E. mobilis and other photosynthetic bacteria. Table 2 shows the characteristic properties of several photosynthetic bacteria that have similarities with E. mobilis. The data for Table 2 were collected from Bergey's Manual and from references given in the Literature Cited section (6, 17-20, 22, 26, 27, 30, 31, 33, 37, 40, 44, 47, 50, 52) .
As Fig. 1 shows, the cell shape of E. mobilis is more like that of R. rubrum than that of R. palustris, although its ultrastructure and pigments suggest a possible affinity to the latter organism. The lamellar membrane systems of E. mobilis show similarities with those of R. palustris, R. viridis, and Rhodomicrobium vannielii, as well as Rhodospirillum fulhum, R. molischianum, and R. photometricum. However, they are not organized as one extended system of closely packed lamellae parallel to the cell wall and appressed to the cell 2) emerging from a specialized basal membrane structure (Fig. 3A) , as reported for Spirillum serpens (23) , R. rubrum (8) , and R. fulvum (9) . The extreme halophile of Raymond Triuper, unpublished data). Being strictly anaerobic, E. mobilis differs from the species described by Scardovi (37), Osnitskaya (26), Kondratieva (17) , and Yang Hui-Fang (52) , and it appears to be more closely related to the Endothiorhodaceae and the strictly anaerobic brown Rhodospirillum species. E. mobilis cannot be identified with the poorly described Thiospirillum rufum (Bergey's . 0
authors (see Bergey's Manual) failed to mention the presence of sulfur globules in T. rufum, they were reported and photographed by Gietzen (14) . Size and shape of the spiral of T. rufum is more similar to that of Rhodospirillum rubrum than to the short, slightly curved spiral of E. mobilis. The extreme halophilic bacterium of Raymond and Sistrom (33) also belongs to the Ectothiorhodaceae, and should probably be assigned to the genus Ectothiorhodospira. It is definitely not identical with E. mobilis, differing by virtue of its extreme halophily (inability to grow in media with less than 4% NaCl, and preference for media with 14 to 22% NaCI); its single, probably sheathed, flagellum; and its inability to grow at the expense of organic carbon compounds as hydrogen donors.
Generic description of Ectothiorhodospira Pelsh
Ectothiorhodospira Pelsh, 1937 (28, 32, 42) , whereas some members of the Athiorhodaceae do not need vitamins (12, 30) . Accordingly, vitamin requirements can no longer be regarded as taxonomically valuable for the differentiation of Thiorhodaceae and Athiorhodaceae. Pfennig (30) stated in his review on photosynthetic bacteria that "the systematically important difference between purple sulfur and nonsulfur bacteria is nutritional and ecological: hydrogen sulfide is the critical factor which inhibits the growth of the Athiorhodaceae but is an electron donor for the photoautotrophic development of the Thiorhodaceae."
Although van Niel in Bergey's Manual (6th ed.) mentioned the similarity between his Pseudomonas type (45) and Rhodopseudomonas palustris, it is obvious from his paper in 1963 that he considers sulfide utilization by a red photosynthetic bacterium to provide the primary criterion for its recognition as a member of the Thiorhodaceae (49) . The inclusion of the sulfide-utilizing species of Scardovi (37), Osnitskaya (26) , Kondratieva (17) , and Yang Hui-Fang (52) in the genus Rhodopseudomonas is thus not in agreement with the taxonomic proposals of Buder (4), van Niel (45, 49), Pelsh (27) , and Pfennig (30) : these organisms all appear to be purple sulfur bacteria. Rhodopseudomonas vannielii Scardovi, Rhodopseudomonas issatchenkoi Osnitskaya, and the autotrophic Rhodopseudomonas species of Kondratieva (17) were described as straight motile rods. In the illustrations of Scardovi (37) and Osnitskaya (26) , however, their organisms appear rather pleomorphic. It seems possible that the authors did not achieve optimal growth conditions; hence, the: morphological descriptions might be subject to revision. Van Niel stated that, despite several attempts, cultures sent by Scardovi failed to grow in his laboratory (48) . To determine the final taxonomic status of these sulfideutilizing "Rhodopseudomonads," careful reinvestigation is necessary. From their descriptions, it is definitely clear, however, that they belong to the Ectothiorhodaceae rather than the Athiorlhodaceae.
The sulfide-utilizing Athiorhodaceae described by van Niel (46) and Nakamura (24, 25) may have been representatives of the Ectothiorhodaceae. Retrospectively, their taxonomic position is difficult to determine.
The recent finding of an extreme halophilic Ectothiorhodospira-like bacterium by Raymond and Sistrom (33) indicates that the subgroup Ectothiorhodaceae of the Thiorhodaceae might embrace a wide variety of organisms that occupy aquatic environments ranging from fresh-water (E. N. Kondratieva, personal communication) to highly saline brines.
